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AIMS
Platelets play an important role in cardiovascular disease, and
β-blockers are often prescribed for cardiovascular disease
prevention. β-Blockers may directly affect platelet aggregation,
because β-adrenergic receptors are present on platelets. There is
uncertainty about the existence and magnitude of an effect of
β-blockers on platelet aggregation. The aim of this study was to
perform a systematic review and meta-analysis of the effect of
β-blockers on platelet aggregation.

METHODS
MEDLINE and EMBASE were searched until April 2014. Two reviewers
independently performed data extraction and risk of bias assessment.
Type of β-blocker, population, treatment duration and platelet
aggregation were extracted. Standardized mean differences were
calculated for each study and pooled in a random-effects
meta-analysis.

RESULTS
We retrieved 31 studies (28 clinical trials and three observational
studies). β-Blockers decreased platelet aggregation (standardized
mean difference −0.54, 95% confidence interval −0.85 to −0.24, P <
0.0001). This corresponds to a reduction of 13% (95% confidence
interval 8–17%). Nonselective lipophilic β-blockers decreased platelet
aggregation more than selective nonlipophilic β-blockers.

CONCLUSIONS
Clinically used β-blockers significantly reduce platelet aggregation.
Nonselective lipophilic β-blockers seem to reduce platelet aggregation
more effectively than selective nonlipophilic β-blockers. These findings
may help to explain why some β-blockers are more effective than
others in preventing cardiovascular disease.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Platelets play an important role in the

pathogenesis of cardiovascular disease.
• β-Blockers are one of the most prescribed

drug classes for cardiovascular disease
prevention.

• β-Blockers may directly affect platelet
aggregation, but there is still uncertainty
about the existence and magnitude of this
effect.

WHAT THIS STUDY ADDS
• This study synthesized all available evidence

and estimated the magnitude of the effect
of β-blockers on platelet aggregation.

• Clinically used β-blockers reduce platelet
aggregation. Nonselective, lipophilic
β-blockers reduce platelet aggregation most
effectively.

• These findings may help to explain why
some β-blockers are more effective than
others in preventing cardiovascular disease.
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Introduction

Cardiovascular disease (CVD) is a major cause of mortality
and morbidity worldwide [1, 2]. Antiplatelet and β-
blocking drugs are cornerstones in the secondary preven-
tion of CVD [3–6]. The aim of antiplatelet therapy is to
inhibit prothrombotic and anti-inflammatory platelet
properties, which contribute to the pathogenesis of CVD
[7]. β-Blockers are recommended for secondary preven-
tion of CVD because of their beneficial effects on heart
rate, blood pressure and myocardial oxygen demand [5, 6,
8]. Yet, β-blocking agents may also affect platelet aggre-
gation, because β-adrenergic receptors are present on
platelets and catecholamine levels are known to potenti-
ate platelet reactivity [9]. The β-adrenergic receptor on
human platelets is mainly the β2 subtype, which is inhib-
ited only by nonselective β-blockers [10]. This suggests
that nonselective β-blockers would have a more pro-
nounced effect on platelet aggregation than selective
β-blockers [11]. Besides, β-blockers have a membrane-
stabilizing effect which, depending on the lipophilicity of
the compounds, could also affect platelet aggregation
[10, 12].

Although β-blockers are one of the most frequently
prescribed drug classes for CVD prevention and notwith-
standing the mechanistic plausibility, there is still uncer-
tainty about the existence and magnitude of an effect of
β-blockers on platelet aggregation [13]. Our aim was to
synthesize the currently available evidence on the effect
of β-blockers on platelet aggregation and to examine
whether this effect is modulated by the selectivity and
lipophilicity of the β-blockers.

Methods

Search strategy
MEDLINE and EMBASE were searched until April 2014. The
search terms used were ‘platelet aggregation’ and ‘beta
blockers’ or ‘adrenergic beta-antagonists’ (an overview of
the complete search string is shown in Methods S1). The
search was extended by review of bibliographies from arti-
cles included in the final selection.

Eligibility criteria
Eligible articles had to report on the effect of β-blockers on
platelet aggregation measured by light transmission
aggregometry. In vitro studies, defined as studies in which
β-blockers were added after blood sampling, were not eli-
gible. Non-English articles, animal studies and platelet
aggregation studies performed in conditions affecting
platelet aggregation, i.e. physical or psychological stress,
acute cardiovascular disease or pregnancy, were not
included. Unpublished trials and data presented in short
reports, conference abstracts or letters to the editor were

also not eligible. Only studies on β-blockers registered by
the World Health Organization for clinical use were con-
sidered (http://www.whocc.no/atc_ddd_index/). Studies
were excluded if platelet aggregation was induced by an
infrequently studied agonist, defined as an agonist that
was used in one eligible study only.

Assessment of risk of bias
We assessed the risk of bias of the included studies accord-
ing to the Cochrane Collaboration’s tool for assessing risk
of bias [14]. For the assessment of cross-over studies, we
added the characteristics ‘reported on carry-over effects’
and ‘presence of carry-over effects’ to the domain ‘other
bias’. For observational studies, we added the characteris-
tics ‘reporting in- and exclusion criteria’ and ‘adequate
control for confounding factors’ to the domain ‘other bias’.
In accordance with the tool’s instruction, all dimensions
were scored as ‘low risk of bias’, ‘high risk of bias’ or
‘unclear risk of bias’ by two independent reviewers (TNB
and CEIP). Disagreement occurred in five of 264 (2%)
scorings and was resolved by consensus.

To estimate the impact of studies with a high risk of
bias, we performed a sensitivity analysis by restricting the
analysis to randomized studies, assuming a lower risk of
bias for randomized studies. We regarded the domains on
blinding as less important in the risk of bias assessment,
because platelet aggregation is measured quantitatively.
Publication bias was examined using a funnel plot. To esti-
mate the impact of possible publication bias, we per-
formed a cumulative meta-analysis based on study
precision (standard error).

Data extraction
Two reviewers (TNB and CEIP) independently extracted
data using standardized coding forms. For one-group
(single treatment arm, no placebo) and cross-over trials
(multiple treatment arms, interventions and placebo in
each arm), we extracted data on platelet aggregation
before and after intervention. For two-group trials (multi-
ple treatment arms, intervention or placebo in each arm),
we extracted data before and after intervention in the
intervention and placebo groups. One two-group trial
reported only data after intervention for the two trial arms;
in this case, we used those data for meta-analysis [15]. Of
cross-sectional studies, we compared data on platelet
aggregation between exposed and non-exposed groups.
If results were presented in figures only, we extracted
outcome measures from the appropriate figures where
possible [16]. When multiple measurements of platelet
aggregation were performed in time, the last measure-
ment was selected for analysis.

Effect size calculation and
statistical procedures
Given that the measurement scale of platelet aggregation
varied across studies, we calculated standardized mean
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differences (SMDs) for each study. As four types of study
designs were included (cross-sectional, one-group, two-
group and cross-over trials), we calculated SMDs using the
appropriate formulas for each design (Methods S2) [14,
17–19]. In brief, an SMD was calculated by dividing the
mean difference by the pretest standard deviation (SD) or
SD of the non-exposed group for cross-sectional studies.
The SMD values were negative when the intervention
(β-blocker) reduced the outcome (platelet aggregation),
with effect sizes of −0.20, −0.50 and −0.80 representing
small, medium and large reductions, respectively [20]. To
facilitate interpretation, we additionally recalculated the
overall effect size back to percentage platelet aggregation,
a commonly used measurement scale in platelet aggrega-
tion studies, by multiplying the overall SMD with the mean
SD [and 95% confidence interval (CI)] of the studies which
used percentage platelet aggregation as the measure-
ment scale. Most studies used multiple agonists to
measure platelet aggregation. First, we analysed the effect
of all agonists separately. Second, we calculated the mean
of the effect sizes for each study, so that each study con-
tributed with only one effect size to the analysis.

A random-effects meta-analysis was performed by
default, because of expected between-study heterogene-
ity [21]. Subgroup analyses were performed for studies
with nonselective vs. selective β-blockers, nonlipophilic vs.
lipophilic β-blockers, short- (intake <1 week) vs. long-term
exposure (intake >1 week) and healthy vs. diseased study
population. Additionally, sensitivity analyses were per-
formed for year of publication, method of platelet aggre-
gation measurement and duration of follow-up. If the
duration of exposure was not reported, we assumed long-
term exposure [22–24]. Univariate meta-regression analy-
sis was performed for each subgroup. All analyses were
performed with STATA 12 (StataCorp LP, College Station,
TX, USA).

Results

Literature search and study characteristics
A total of 1065 articles were identified through the litera-
ture search, of which 388 were duplicates (n = 156) or
contained no English full text (n = 232). After review of the
title and abstract, another 614 were excluded, mostly
because no β-blocker or platelet aggregation was studied
(n = 416) or studies used animals only (n = 121). Subse-
quently, 70 articles were reviewed in detail, in which no
additional publications were identified by review of bibli-
ographies. Finally, a total of 31 studies, reported in 25 arti-
cles, were included (Figure 1). We included 13 cross-over
trials, eight one-group trials, seven two-group trials and
three cross-sectional studies, in which a total of 454 sub-
jects (range 4–43) were studied (details of included studies
are shown in Table S1). The majority of the studies (n = 25)
included patients with cardiovascular disease or cardiovas-

cular disease risk factors (hypertension, coronary artery
disease, diabetes or previous myocardial infarction). Mean
age ranged from 33 to 74.5 years. Most studies (n = 26)
reported on long-term exposure (>1 week) and nonselec-
tive β-blockers such as carvedilol, propranolol, labetalol or
timolol (n = 23).

Meta-analysis of effect of β-blockers on
platelet aggregation
The 31 included studies contained a total of 81 observa-
tions on platelet aggregation. The most used agonist to
induce platelet aggregation was adenosine diphosphate
(ADP; 52%), followed by collagen (20%) and epinephrine
(20%), whereas arachidonic acid (n = 5) and thrombin (n =
2) were used in the minority of experiments. The effect of
β-blockers on platelet aggregation was maximal with the
use of epinephrine as an antagonist (Figure 2).

When study observations and antagonists were
pooled, 13% (n = 4) of the studies showed an increase in
platelet aggregation, whereas the majority (84%; n = 26)
showed a decrease in platelet aggregation due to
β-blockers. Random effects meta-analysis showed a
decrease in platelet aggregation with exposure to
β-blockers: SMD −0.54 (95% CI −0.85 to −0.24, P < 0.0001;
Figure 3). This corresponds to a reduction of 13% (95% CI
8–17%) in platelet aggregation.

Subgroup and sensitivity analyses
Subgroup analysis showed that nonselective and
lipophilic β-blockers [SMD −0.78 (95% CI −1.21 to −0.35)
and −0.66 (95% CI −1.04 to −0.27), respectively] decreased
platelet aggregation more than selective and non-
lipophilic β-blockers [SMD −0.14 (95% CI −0.40 to 0.12)
and −0.21 (95% CI −0.51 to 0.08), respectively; Figure 4].
These differences were not statistically significant with
meta-regression analysis (nonselective vs. selective, P =
0.18; and nonlipophilic vs. lipophilic, P = 0.47). The effect
was not different for studies with healthy or nonhealthy
populations and with short- (<1 week) or long-term expo-
sure (>1 week; P = 0.77 and P = 0.94; Figure 4). As a sensi-
tivity analysis, we also analysed the duration of exposure
as a continuous variable with meta-regression. Duration of
exposure was missing for four studies [15, 22–24], and one
study [25] reported an exposure duration of 50 weeks.
With inclusion of this study with very long exposure, meta-
regression suggested that longer duration of follow-up
was associated with decreasing platelet aggregation (coef-
ficient −0.086; P = 0.004). However, after exclusion of this
study, this was no longer observed (coefficient 0.005, P =
0.869). Thus, the effect of β-blockers on platelet aggrega-
tion does not seem to depend on the duration of expo-
sure, which is also supported by the subgroup analysis in
which studies with follow-up duration of <1 week and >1
week were compared (Figure 4).

Platelet aggregation measurement methods as well as
clinical use of β-blocking agents may change over time,
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and the included studies were published over a long
period of time (between 1970 and 2005). Therefore, we
performed a sensitivity analysis with restriction of studies
published in or after 1990. Only seven of 31 (23%) of the
studies were published in or after 1990. This analysis still
indicated a decrease in platelet aggregation with the use
of β-blockers [SMD −0.22 (95% CI −0.47 to 0.03)], although
this was not statistically significant, possibly due to the
small number of studies.

The included studies used different fixed concentra-
tions of agonists, which affects platelet aggregation and
adds to the heterogeneity of the present meta-analysis.
The use of a threshold concentration as an outcome
measure prevents this heterogeneity, because the inher-
ent sensitivity of platelets to an agonist is tested, instead
of the response of platelets to a fixed concentration of

agonist. With restriction of the analysis to studies which
used threshold concentration as an outcome (n = 11),
platelet aggregation was still decreased with the use of
β-blockers [SMD −0.63 (95% CI −1.42 to 0.164)] and was
similar to the result when the analysis was restricted to
studies which used another outcome measure [e.g. per-
centage platelet aggregation; SMD −0.54 (95% CI −0.80
to −0.27)].

Assessment of risk of bias and publication bias
A summary of the risk of bias assessment for clinical trials
and observational studies is shown in Figure S1. Blinding
was performed in 21 of 28 (75%) trials, but only 17 of 28
(61%) were double or triple blinded. Of cross-over trials,
only six of 13 (46%) reported on carry-over effects. Only 20
of 28 (71%) of all trials were randomized, and only one trial

1072 articles identified through database searches

70 articles retrieved for detailed review

25 articles included, containing 31 studies for meta-
analysis

388 duplicate or non-English excluded

156 Duplicates
232 No English full text

614 excluded by review of title and abstract

416 No b-blocker or platelet
aggregation studied
121 Animal studies
28 Platelet aggregation studies
performed under conditions affecting
platelet aggregation*
25 In vitro studies†

24 Editorials, short reports

45 excluded by review of full-text article

22 no adequate data‡

14 no adequate platelet aggregation
method used
7 b-blocker not used in current
medical practice
2 infrequently used inducer of platelet
aggregation

Figure 1
Flow chart of study selection. *Conditions affecting platelet aggregation: physical or psychological stress, acute cardiovascular disease or pregnancy. †In
vitro was defined as studies in which β-blockers were added after blood drawing. ‡No outcome measures and/or no measure of variability (SE or SD), t
statistic or exact P value reported
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described the randomization procedure. In a sensitivity
analysis with restriction to randomized trials only (n = 20),
the pooled effect estimate was SMD −0.42 (95% CI −0.80
to −0.04).

The funnel plot showed a relative lack of small studies
with negative results (Figure 5). Two studies showed
extreme effects, although their contributions to the overall
effect were marginal (weights of 1.2 and 0.3%) [25, 26].
Exclusion of these two studies from our analysis did not
materially affect the pooled effect estimate [SMD after
exclusion: −0.41 (95% CI −0.65 to −0.17)]. To estimate the
impact of possible publication bias, we conducted a cumu-
lative meta-analysis based on study precision (Figure S2).
This indicated that the overall effect estimate was influ-
enced by small studies. However, the effect estimate of the
largest studies with the smallest standard errors was
robust around SMD −0.25 to −0.30, again indicating
a decrease in platelet aggregation with exposure to
β-blockers.

A total of 15 studies included in this meta-analysis
originated from six authors (Table S1), which raises the
possibility that data or patients were used in multiple
studies from the same author. To exclude any possible
effect of the duplicate use of data, we restricted the analy-
sis to the first study of each author, either historically or

within one manuscript. Meta-analysis of the remaining 22
studies indicated a decrease of platelet aggregation with
the use of β-blockers [SMD −0.46 (95% CI −0.76 to −0.16)].

Discussion

β-Blockers are one of the most frequently used drug
classes in prevention of CVD, and platelets play an impor-
tant role in the pathogenesis of CVD. Until now it was
unclear whether β-blockers affected platelet aggregation.
This meta-analysis demonstrates that clinically used doses
of β-blockers significantly reduce platelet aggregation.
Additionally, it indicates that nonselective lipophilic
β-blockers reduce platelet aggregation more effectively
than selective and nonlipophilic β-blockers.

Previous studies
Recent meta-analyses found that β-blockers, as a class,
effectively reduce cardiac- and all-cause mortality in
patients with systolic heart failure and acute myocardial
infarction [27, 28]. It is known that this is the result of
beneficial effects on heart rate, blood pressure and myo-
cardial oxygen demand [5, 6, 8]. Besides these established
beneficial effects, the present meta-analysis suggests that

Agonist
concentration*

ADP
1.6 (1–2.5) mM

Collagen
0.5 (0.2–2) mg ml–1

Epinephrine
0.5 (0.1–10) mM

Arachidonic acid
1 (0.5–1.7) mM

Thrombin

–0.52 (–0.75, –0.29)

–0.23 (–0.41, –0.04)

–0.79 (–1.36, –0.22)

–0.13 (–0.56, –0.31)

–3
Decreases Increases

0

Platelet aggregation

3

–3.51 (–11.36, 4.35)

SMD (95% Cl)

Figure 2
Effect of β-blockers on platelet aggregation by agonists. Forest plot of standardized mean differences (SMD) of the effects of β-blockers on platelet
aggregation by different agonists. Abbreviations are as follows, ADP, adenosine diphosphate; CI, confidence interval. *Median (interquartile range)
concentrations of the used agonists. Thrombin was used only for measurement of threshold concentration platelet aggregation
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part of the protective effect of β-blockers could be the
result of inhibition of platelet aggregation. Interestingly,
recent meta-analyses found that the nonselective
β-blocker carvedilol was superior to selective β-blockers,
which is in line with the results and subgroup analysis
of the COMET trial [29, 30]. In these studies, it was
suggested that the nonselective lipophilic β-blocker

carvedilol exerts an additional beneficial effect through
improvement of endothelial function, stimulating β-
arresting signalling and antioxidant properties [31–33].
Our findings suggest that lipophilic nonselective β-
blockers decrease platelet aggregation most effectively,
which could explain, in part, the superiority of nonselec-
tive lipophilic β-blockers.

Year n
SMD, random
effects (95% Cl)

%
WeightAuthor

1974 19 –2.57 (–3.81, –1.32) 2.79Frishman
1978 20 –6.52 (–8.85, –4.19) 1.27Frishman
1978 4 –0.54 (–1.96, 0.89) 2.44Leon
1978 5 –0.82 (–2.20, 0.55) 2.53Lote_study1
1978 4 –0.75 (–2.26, 0.76) 2.29Lote_study2
1978 4 –1.20 (–2.98, 0.59) 1.86Lote_study3
1978 16 –1.98 (–3.22, –0.74) 2.80Mehta
1978 18 –2.93 (–4.33, –1.53) 2.48Mehta
1979 28 –0.88 (–1.66, –0.10) 3.93Mehta
1980 16 –0.72 (–1.47, 0.02) 4.02Vlachakis
1981 8 –8.00 (–13.40, –2.60) 0.29Campbell
1981 16 –0.40 (–1.42, 0.62) 3.31Thaulow_study1
1981 16 –0.30 (–1.32, 0.73) 3.30Thaulow_study2
1981 43 0.00 (–0.60, 0.60) 4.42Thaulow_study3
1983 14 –0.02 (–0.68, 0.64) 4.25Markel
1984 9 –0.03 (–1.01, 0.95) 3.42Cortellaro
1986 9 –0.17 (–1.13, 0.79) 3.47Kirch
1987 5 –1.42 (–2.59, –0.25) 2.96Ring
1988 12 –0.09 (–1.22, 1.05) 3.04Davi
1988 10 0.23 (–0.65, 1.11) 3.67Winther_33_study1
1988 10 1.23 (0.08, 2.39) 2.99Winther_33_study2
1989 10 0.38 (–0.52, 1.28) 3.62Gleerup
1989 8 –0.11 (–1.11, 0.90) 3.36Pamphilon
1989 10 0.03 (–0.86, 0.91) 3.66Willich
1990 11 –0.05 (–0.85, 0.76) 3.87Nagakawa
1991 25 –0.55 (–1.37, 0.27) 3.82Lin
1994 30 –0.00 (–0.50, 0.49) 4.68Ding
1998 8 –0.47 (–1.46, 0.52) 3.39Guigliano
1998 6 –0.73 (–1.95, 0.49) 2.85Patki
2005 30 –0.42 (–0.95, 0.11) 4.59Mugellini_study1
2005 30 –0.05 (–0.56, 0.45) 4.64Mugellini_study2

–0.54 (–0.85, –0.24) 100.00Overall (I–squared = 68.0%, p = 0.000)

–6 –5 –4

Decreases Increases

Platelet aggregation

–3 –2 –1 0 1 2 3

Figure 3
Overall effect over β-blockers on platelet aggregation. Forest plot of standardized mean differences (SMD) of the effects of β-blockers on platelet
aggregation. The black diamonds represent the effect estimate (SMD), where a negative SMD represents a decrease of platelet aggregation. The size of the
grey squares around the effect estimates corresponds to the weight of the study in the meta-analysis. Horizontal lines represent corresponding 95%
confidence intervals (CI). The estimate and CI of the pooled effect is indicated by the diamond

β-Blockers and platelet aggregation

Br J Clin Pharmacol / 78:5 / 945



Mechanisms of reduction of platelet
aggregation by β-blockers
The inhibition of platelet aggregation by β-blockers can be
explained by multiple mechanisms. First, β-blockers may
exert their antiplatelet effect by a chemical interaction
with the platelet cell membrane. The strength of this in-
teraction depends on the lipophilicity of the compound,
and results in stabilization of the platelet cell mem-
brane, making it less sensitive to agonists [12]. Second,
β2-receptors on platelets may be blocked by nonselective
β-blockers. This would affect intraplatelet levels of adeno-
sine 3′,5′-cyclic monophosphate (cAMP), which decreases
calcium availability and subsequent activation of platelets
[9]. However, compared with the number of α-receptors
per platelet, the number of β2-receptors is small [34].
Therefore, it is more logical to assume that the β-blockers

exert part of their antiplatelet effect not directly, by
binding platelet receptors, but indirectly, by decreasing
plasma catecholamine levels. This is also supported by the
fact that platelet aggregation was maximally inhibited by
β-blockers in experiments where epinephrine was used as
an agonist (Figure 2). It is known that the catecholamine
levels reached in vivo potentiate platelet aggregation,
thereby overcoming even the inhibition of platelet aggre-
gation by aspirin [9]. Interestingly, nonselective β-blockers
reduce catecholamine levels more effectively than selec-
tive β-blockers, which supports our finding that platelet
aggregation is more effectively inhibited by nonselective
β-blockers [35, 36]. Third, high blood pressure activates
platelets through multiple pathways, and a decrease of
blood pressure itself could therefore decrease platelet
aggregation [13].

Subgroup
SMD, random
effects (95% Cl)

Selective (n = 8)
Subtotal –0.14 (–0.40, 0.12)

Nonselective (n = 23)
Subtotal –0.78 (–1.21, –0.35)

Lipophilic (n = 26)
Subtotal –0.66 (–1.04, –0.27)

Nonlipophilic (n = 5)
Subtotal –0.21 (–0.51, 0.08)

Healthy (n = 6)
Subtotal –0.41 (–0.85, 0.03)

Diseased (n = 25)
Subtotal –0.59 (–0.94, –0.23)

Short term (n = 5)
Subtotal –0.50 (–0.99, –0.01)

Long term (n = 26)
Subtotal

–2 –1 0 1

–0.56 (–0.80, –0.32)

Decreases Increases

Platelet aggregation

Figure 4
Subgroup analyses. Forest plot of standardized mean differences (SMD) of the effects of subgroups β-blockers on platelet aggregation. The effect estimates
and CI of each subgroup are indicated by the diamonds. Subgroups are as follows: selective (metoprolol and atenolol); nonselective (propranolol, labetalol,
timolol and carvedilol); lipophilic (propranolol, labetalol, timolol, metoprolol and carvedilol); nonlipophilic (atenolol); healthy subjects; diseased subjects
(hypertension, coronary artery disease, diabetes or previous myocardial infarction); short-term treatment (<1 week); and long-term treatment (>1 week)
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Strengths and limitations
A major strength of this meta-analysis is that we excluded
in vitro studies from our analysis [37–43]. In these studies,
β-blockers were added in concentrations that exceeded
those currently used in medical practice, making it difficult
to generalize the effects to the clinical situation. Another
strength is that we did not exclude any type of study
design. Calculation of effects sizes specific for each study
design facilitated meta-analysis of the studies.

Given that different agonists induce different platelet
activation pathways, this could influence the observed
results. Before pooling all agonists, therefore, we first ana-
lysed the effect of β-blockers on platelet aggregation sepa-
rately by all agonists (Figure 2). This analysis showed that
platelet aggregation was inhibited with the use of all
agonists, and was more pronounced with epinephrine.
This could be expected, because platelet sensitivity is
modified by catecholamine levels [9]. We think that
pooling of all agonists to estimate the overall effect of
β-blockers on platelet aggregation is valid because all
agonists showed a clear reduction in platelet aggregation.
Moreover, ADP was the most frequently used agonist and
did not show an extreme effect estimate which could have
overestimated our overall pooled effect estimate.

A limitation of this meta-analysis is that the risk of bias
of the included studies is quite high. We think this can be
explained partly by the fact that most studies were per-
formed in years when reporting according to international
standards for clinical trials and observational studies was
not yet established. However, we do not think that, for
example, nonblinding would have affected our results,
because platelet aggregation is not affected by placebo
effects and it has been shown that open unblinded studies
with objective end-points yield the same results as double-

blind placebo-controlled studies [44]. Fifty per cent of the
included trials were designed as cross-over experiments, in
which carry-over effects could influence the results [45].
However, the treatment periods in all included cross-over
studies were long enough to ensure adequate wash-out.
This is supported by our finding that the pooled effect did
not differ between short-term (<1 week) or long-term
administration (>1 week) of β-blockers. Finally, only 65% of
the trials were randomized and only one trial described the
randomization procedure. However, in a sensitivity analy-
sis we showed that the overall pooled effect size was
robust with restriction to randomized studies only. The
funnel plot showed evidence for small-study effect, which
might be explained by publication bias. Nevertheless,
cumulative meta-analysis still indicated a clear and statis-
tically significant effect of β-blockers on platelet aggrega-
tion. Finally, it is known that platelet aggregation is
influenced by numerous characteristics, which were not all
registered in the included studies. However, the majority
of included studies were clinical trials, in which
randomization ensured that known and unknown vari-
ables affecting platelet aggregation were equally distrib-
uted over treatment groups and were kept constant
during the trial. Therefore, confounding of our results by
other platelet-affecting variables is highly unlikely.

Conclusion
In conclusion, this meta-analysis suggests that clinically
used doses of β-blockers reduce platelet aggregation.
Nonselective, lipophilic β-blockers appear to reduce plate-
let aggregation most effectively. These findings may help
to explain why some β-blockers are more effective than
others in preventing CVD.
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